--------------a--a--------a--a--a----or ----a------ 0005. An objective of the invention is to create a device for protecting the hearing from loud MRT sounds, which, without constructional measures at the gradient system and without adversely affecting the image quality, results in a markedly effective lowering of the stress on the patient. 0006 To achieve this object the invention provides for a protective sound generating device coupled to the MRT electronics for generating a protective Sound which rises slowly in amplitude, increasing the impedance in the middle ear directly before the onset of the loud MRT sound. 0007. The invention is based in this case on the knowl edge that the hearing of vertebrates possesses mechanisms which at high Sound pressure levels adapt the impedance of the hearing chain in the middle ear and modulate the transmission function to the sensory cells in the inner ear. In the middle ear the tensor tympani muscle and the musculus ation is evident. The stimulus response is at its most marked in the frequency range between 1000 and 3000 Hz. These neurophysiological characteristics of hearing can be used to protect the hearing against damage by gradient Sounds in MR examinations. Before the abrupt beginning of a pulse sequence, for a few hundred milliseconds, the patient/ subject can be played an over threshold but submaximally loud sound to trigger the neurophysiological protection mechanisms. For further measurement the change in the sound pressure level over time can be adapted to the neurophysiological circumstances. 0009. In a development of the invention the protective Sound generating device should be able to determine from the sequence design, that is from the known sequence of the control signals of a pulse sequence, the times of the occur rence of Sudden loud gradient Sounds, and generate the adapted protection Sounds, offset in time from the gradient Sound level to be expected in each case. 0010. In the preparation of an MRT measurement the initial sound pressure level and the main frequencies of the sequence can be estimated in this case provided priority is not given to a true measurement or calculation by previous trial runs linked to a storage of the results which can be referenced by the protective sound generating. Before the actual measurement begins the hearing is then presented with a protective sound which triggers the neurophysiologi cal protection mechanisms. The Sound pressure level of the protection sound initially begins below the threshold at around 70 dB(A) at 2000 Hz. Within the next 200 to 400 ms, with the duration depending on the Sound pressure level to be reached, the sound pressure level will be adapted linearly to the initial sound pressure level of the sequence. In the last 100 ms the frequency of the protective sound can also be adapted to the main frequencies of the sequence, so that the patients are not alarmed if the frequency spectrum of the Sound changes Suddenly at the beginning of the measure ment.
0011. In accordance with a further feature of the inven tion there can be provision in this case for the protective Sound generating device, during a pulse sequence, by a continuous or discontinuous protective sound to prevent variations, especially a sharp reduction of the impedance in the middle ear, so that not only the knocking Sound at the beginning of an MRT measurement but also all similarly loud gradient sounds occurring Subsequently during the measurement are effectively attenuated via the protection mechanism of the ear.
0012 For transmission of the protective sounds the pro tective Sound generating device can be linked to loudspeak ers or headphones for the patient, with the difficulty in the case of headphones being that they can frequently not easily be used for reasons of space, and account has to be taken in this case of the fact that these headphones also influence the transmission of the gradient Sound, so it is necessary to take account of this attenuation effect accordingly. 0013 The loudspeakers can be built into the wall of the patient chamber of the magnetic resonance tomograph, and a number loudspeakers should also be arranged in the examination room to protect the people working there. 0014. As well as the option of generating protective Sounds directly in the protective Sound generating device, in accordance with a further feature of the present invention there can also be provision for the protective sound to be created with the gradient system, for example in Such a way that, to create the protective Sound for the examination and image recording currently being performed, gradient coils which are not needed are switched.
0.015 The protective sound can have an entertainment value. Such as music for example. In this case the protective sound can be provided for the entire duration of the exami nation.
0016 Particular conditions must be fulfilled to enable music to be used as protective Sound: The music may not have any long-lasting (for music) changes in Sound pressure level (e.g. no pauses with a reduction in the Sound pressure level of 6 dB(A) which are longer than 100 ms). In particular pauses may not occur between individual tracks. 0017. The average sound pressure level of the music being played is controlled as a function of the gradient Sound to be expected: If no measurement is performed, the music is played at the volume set by the patient. Before a mea Surement the average Sound pressure level is matched to the gradient Sound to be expected, taking into account the description of a protective sound given above. Since the music is played constantly in any event, the phase of linear level matching can be selected to be longer. During a measurement the music is provided at a slightly higher (e.g. +2 dB(A)) sound pressure level. 0023. With protective sound the increased sound pressure levels trigger the neurophysiological protection mechanisms appr. 300 ms before the measurement. If the measurement starts with the very high initial Sound pressure, the imped ance of the middle ear is already increased and the inner ear is protected.
1.-10. (canceled) 11. A device for protecting the hearing from loud mag netic resonance tomograph sounds, comprising a protective Sound generating device coupled to magnetic resonance tomograph electronics of an magnetic resonance tomograph for creating a protective Sound, the Sound generating device configured to generate the protective Sound having a slowly increasing amplitude, the protective sound configured to increase an impedance in the middle ear of a patient under going examination using the magnetic resonance tomo graph, wherein the Sound generating device is further con figured to generate the protective sound immediately before the loud magnetic resonance tomograph sounds set in when operating the magnetic resonance tomograph.
12. Device in accordance with claim 11, wherein the loud magnetic resonance tomograph sounds include an abruptly occurring loud gradient noise formed as a pulse sequence, and the protective Sound generating device is further con figured to:
determine the set in of the loud gradient noise using a known sequence of control signals of the pulse sequence; and generate the protective sound having a time offset and based on an expected gradient Sound level.
